Nine expeditions have been carried out during the period 1968-71 to undertake measurements of the atmospheric electric parameters including nucleus concentration over the Pacific Ocean and the East China Sea. The chief objective of these expeditions has been to understand the behavior of the electrical state of the atmosphere as one moves from land to mid-ocean. The results have been analysed to see the influence of the land pollution on the measured parameters and have been discussed in detail how these parameters depend on the distance from shore, on the air stream patterns and on the time-histories of the air masses. In some favorable cases a clear dependence of the electric conductivity and the nucleus concentration on the distance from shore has been observed. The interpretation of the data showed that among the many possible factors which would influence the conductivity and nucleus concentration measurements, the age of the relevant air masses is vitally important when we . investigate the extension of the land pollution to the oceanic atmosphere. At the end, a comment on the self-consistency of the data collected during different expeditions at varying distances from shore is also described.
Introduction
It is generally believed that the measurements of electric parameters of the atmosphere over the oceans will lead to a better understanding of the various physical processes involved than similar measurements over land masses. For example, the electric field measured at mid-ocean, rather than over land is more likely to yield a better insight into the global atmospheric phenomenon. In fact, the results of such midocean measurements form the bedrock on which the concept of the global atmospheric electric circuit is based. Ever since the famous Carnegie expeditions during 1915 and 1929, many attempts have been made to measure the electric properties of the atmosphere over the Atlantic and North Atlantic Oceans. Among such attempts mention may be made of those by Parkinson and Weller (1953) , Sagalyn (1958) and Muhleisen (1967) . Similarly, Ruttenberg and Holzer (1955) , Takagi and Kanada (1969, 1970) and Morita (1971) have reported some measurements of electric field and conductivity in the atmosphere over the Pacific Ocean.
Evidently, the main purpose of mid-ocean measurements is to obtain values of the various parameters which could be considered as being typical of the undisturbed atmosphere. Even though atmospheric pollution originates mainly over land areas, its influence on the electrical state of the atmosphere over oceans could, under suitable conditions, be felt for considerably long distances from shore. For example, Takagi and Kanada (1969) have reported that the daily averages of the electric field measured within a distance of about 150km from shore consistently tend to be higher than those obtained at greater distances. Recently, Misaki and Takeuti (1970) have studied the behavior of electric field and conductivity over the Pacific Ocean and the Sea of Japan, and have discussed the extent to which land pollution affected their measurements. More recently, Cobb and Wells (1970) have made measurements of electric conductivity in the global atmosphere over the oceans, and have discussed the correlation between their measurements and the global atmospheric pollution. They have also reported that the conductivity measured in the Indian Ocean, even several hundred miles from land, appeared to be affected by airborne pollution from South Asia.
Similar results indicating the extent to which the influence of continental pollution can be traced in sea surface measurements have been reported by other workers (e.g., Muhleisen, 1967) .
It thus becomes necessary to study systematically how far influence of the continental pollution continues to exist before one can reasonably assume that a particular set of ship-borne measurements represents the atmospheric conditions unaffected by the land pollution.
Thus, the variation of electric parameters could become a measure of the extension of land pollution to the oceanic atmosphere and a systematic measurements of these parameters would acquire new meaning in the field of meteorology, atmospheric electricity and in "Aerosol Climatology".
Though there are many individual measurements of electric parameters over oceans, systematic studies of the transitional behavior of the electric parameters of the atmosphere from the land to the ocean are very few. For such studies, of course, combined measurements of electric parameters and aerosol concentration would be of great value. Some measurements of condensation nuclei in the atmosphere over the Atlantic and North Atlantic Oceans have been made by Hess (1951) , O'Connor et al. (1961) ., O'Connor (1968) and Hogan et al. (1967) . Similarly, Ohta (1950) and Ohta and Ito (1972) have reported some measurements of condensation nuclei over the Sea of Japan and the Pacific Ocean. Junge (1969) has made a systematic study of aerosols at cape and described three types of aerosols in Pacific air masses of middle and lower latitudes.
Recently, Junge and Jaenicke (1971) have made measurements of aerosol size distribution in the atmosphere over the Atlantic Ocean and have discussed atmospheric background aerosols.
The sea surface measurements have the advantage of being amenable to a simpler interpretation because only the ion pair produced by cosmic rays need to be taken into account, thus eliminating the necessity of considering the contribution of the radioactive elements in the earth's crust (Ikebe, 1970) .
In view of the above, the authors have undertaken a systematic study of the nature of the variations of the electric parameters of the atmosphere from land to the oceans. For this purpose several expeditions have been carried out, the details of which are described in the following sections. (Morita et al., 1972) , except for some minor changes in certain dimensions. The applied voltages to the condensers were so arranged that for the rate of air flow of 300 liters per minute, the ion density condensers would be saturated for all ions mobility greater than 0.4*10-4m2/Volt. sec., and the conductivity condensers would be unsaturated for all ions of mobility less than 4*10-4m2/Volt. sec. As can be seen from Table 1 , the conductivity measurements have been made during all the nine expeditions, while the small ion density results are available only for two expeditions. Even though the conductivity measurements alone could be carried out to yield absolute values, simultaneous measurements of conductivity and small ion density were very useful in checking the systematic errors of the instruments. This is because the average ionic mobility determined from these two parameters is reasonably "invariant" under the conditions at ground level .
The zero level of the condenser was checked automatically every 12 minutes by applying zero voltage to the outer electrode of the condenser.
The condensation nuclei and their diffusion coefficient were measured during Expeditions IV-IX. The condensation nuclei were measured by means of the Pollak-type counter. The counter was used with an overpressure of 16cm Hg (adiabatic expansion of 1.2 to 1.0 atm.). The corresponding supersaturation in the cylinder was calculated to be 3.2 at 27*, and thus, the measurements refer to condensation nuclei of radii larger than 0.90 nanometer. The calibration curve obtained by Nolan and Pollak (1946) was used for the estimation of concentration of nuclei from the measured value of extinction. In the Table 1 . present case the electronically improved technique in which the peak of extinction was held and amplified electronically, was employed. This enabled low concentrations to be read. The performance of the counter was compared with those used by other workers like Kawano and his collaborators in the Nagoya University. The results obtained simultaneously and independently with the different counters showed good agreement.
The diffusion coefficient of nuclei was measured by the diffusion battery of the type developed by earlier workers (Nolan and Nolan, 1938) . The total flow rate in the present work was 3 liter per minute.
The diffusion coefficient of nuclei was estimated by using Gormley's formula (Nolan and Nolan, 1938) and the equivalent radius corresponding to the diffusion coefficient measured was determined by using Stokes-Chunningham's relation.
One of the main difficulties encountered in practice was the influence of pollution from the ship itself, which, under suitable wind directions, could make the data unreliable. Regarding this, M lisaki et al. (1972) have discussed the influence of the contamination from the ship on the conductivity measurements in the Pacific Ocean. To avoid such influence, in the present measurements, the air intakes of the instruments were stuck out of the bridge and, only the data obtained when the wind blew directly from the open sea to the intakes were used in the analysis. Since wind measurements have been made continuously, we could make it reasonably certain that the data chosen for the analysis have not been contaminated directly by the ship's exhaust.
Results and Discussion
3. 1. The extension of land pollution to the atmosphere over the ocean and its influence on the sea surface measurements Fig. 3 shows an example of the variation of conductivity with distance from shore. For convenience, the courses of the vessel and sky conditions are also shown. The minimum distance (closed circles) from the ship to the shore is indicated in the graph. It is at once evident from Fig. 3 that a reasonably good correlation exists between the distance and conductivity. The vessel at that time was heading towards Wellington in New Zealand. It seems reasonable to suggest that the dependence of conductivity on distance is probably due to the extension of land pollution to these distances. It seems that for distance greater than about 100km, the change in the conductivity with distance is very small. At least, within the experimental error, we can say that the conductivity tends to "level off" at a distance of the order of 100km .
It may be mentioned here that Misaki and Takeuti (1970) have also reported a similar dependence of conductivity on distance, from their measurements in the Pacific Ocean and the Sea of Japan.
Assuming that the pollution originating on land is uniformly distributed in space, despite of the actual non-uniform distribution of industries, Misaki and Takeuti (1970) interpreted their results in terms of the diffusion. Such an interpretation, however, is not likely to be valid if we consider other complications like the movement and the life-history of air masses travelling from the continents to the sea. As an example, we show in Fig. 4 , the dependence of conductivity on distance near Sydney. We see that conductivity varies with distance in a very complicated manner. Evidently, one would have to consider many other factors like the movement and the life of the continental air masses, etc. In fact, in many cases the dependence of the electric parameters on the distance from the shore is far more complicated than that shown The results of small ion density obtained simultaneously at these two points also showed The values of conductivity consistently tended to be low throughout the expedition, while the nucleus concentration measured simultaneously tended to be high (Shimo et al., 1972) . Even the measurements made at a distance of about 300km from shore, did not seem to represent the typical undisturbed atmosphere over the ocean.
On the other hand, as shown in Fig. 6 the results obtained in the neighborhood of Tokyo show a marked dependence of the small ion density and conductivity on the distance from shore. Both the small ion density and conductivity increase rather smoothly with the increase in distance and finally attain nearly constant values at a distance of about 1,000km. Apparently these results are consequence of high industrial activity in the neighborhood of Tokyo. Further, the meteorological conditions prevalent at these times seemed to be favourable for the pollution to spread over large oceanic regions. The results of nucleus concentration measured simultaneously also showed a similar marked dependence on the distance (Morita et al., 1971) . Fig. 7 shows the variation of conductivity with distance obtained from the results of Expedition IV. The stations marked St. 1 and St. 2 are the same as shown in Fig. 2 which depicts the route of Expedition IV. In Fig. 7 open circles refer to measurements made on the "forward" journey from Tokyo to St. 1 while the closed circles refer to the "return" journey from St. 1 to St. 2. It is evident from Fig. 7 that the variations of conductivity are significantly different in the two cases.
The conductivity consistently increased on the forward journey tending to level off between 150-200km, while on the return journey when the vessel approached the shore the next day after drifting at St. 1, it decreased almost linearly with distance. The corresponding variations in nucleus concentration in the two cases are shown in Fig. 8 in which the points marked T and E indicate the values obtained at Tokyo-and Tateyama-bays respectively. The bars indicate the spread in the experimen tal data.
Though the nucleus concentration showed marked variability in the bay regions, it remained sensibly constant on the forward journey to St. 1 (open circles). On the other hand, the return journey measurements (closed circles) showed much variation with an over-all tendency to increase as the shore was approached.
The results of Expeditions V to IX are summarized in Figs. 9 and 10, which show the variation of the conductivity and nucleus concentration with distance respectively. As seen from Fig. 9 which show the results of Expeditions V, VII and IX, conductivity remained low upto a distance of about 100km after which it increased rapidly (Expeditions V and VII). The nucleus concentration, as can be seen from Fig. 10 , shows the corresponding overall decrease with distance even though on some expeditions (e.g., VI and IX) it exhibits rapid and irregular variations within 100km.
So far we have presented the data obtained on different expeditions without attempting to explain in detail the significant differences between the results of individual expeditions. Indeed, it appears at first sight that there is little systematics in the data. In the next sub-section we attempt to seek a meaningful interpretation of the apparently "random" result so far described.
2. Interpretation of the data
Even though we have briefly mentioned above tat land pollution, extending well over large areas of the oceanic atmosphere, might be responsible for the observed dependence of the measured parameters on the distance from shore, we did not present any supporting evidence to show that conditions were indeed favourable for such a spreading of pollution. Moreover, any given set of measurements is a function of the local small-scale meteorological environment, the movement and time-history of the air masses, etc. We now study these factors in some detail. We first note that local weather conditions were very unstable during Expeditions II, V and VII. The unstable meteorological conditions sometimes cause scatter in the measured values (for example, refer Fig. 5) .
It is of course necessary to consider, apart from local meteorological conditions, other factors like the movement and the life of air masses to understand fully the results of measurements. Towards this end, it is essential to investigate the air stream lines and air masses trajectories in a manner similar to that described by Petterssen (1956) .
Since the surface wind data are much influenced by geophysical features it is desirable to choose the wind data at a higher level. It would seem that any level chosen within the exchange layer would serve the purpose since the physical state of the atmosphere at such a level and at the ground level would not be much different. This is because of the fact that the atmosphere within the exchange layer is usually thoroughly mixed by convection. We have therefore chosen 850 mb level as the reference. Typically, this corresponds to an altitude of about 1.5km.
First we have investigated the air stream lines at 850mb level during Expedition III.
It was found that the vessel at that time proceeded in a direction nearly paralel to the air stream lines. Thus we might expect that land pollution would, in this case, spread over long distances from shore. Indeed, we note from Fig. 6 that both the small ion density and conductivity continue to depend on distance upto about 900km. We can therefore attribute, the observed dependence of the parameters on distance to the pollution originating on the main-land.
Similarly, the peculiar behavior of the conductivity and nucleus concentration shown in Figs. 7 and 8 could be qualitatively explained. We recall that the conductivity values measured on the "forward" journey from Tokyo to St. 1 (refer Fig. 2 ) were higher than those measured on the "return" journey from St. 1 to St. 2, the reverse being true in the case of nucleus concentration.
The relevant patterns of air streams corresponding to these two journeys are shown in Figs. 11 (a) and (b) . We note that during the forward journey the relevant winds came essentially from the sea while on the return journey it came directly from land. Thus we could reasonably expect that the measurements on the return journey were much more influenced by land pollution than those on the forward journey.
Thus it seems possible to explain qualitatively the data presented in Figs. 7 and 8, in terms of the land pollution affecting the sea-borne measurements.
In the case of Expeditions V through IX the relevant winds came generally from the land masses and the ship's course crossed the air stream lines. Roughly speaking, the patterns of air stream lines during these expeditions were all very similar. We note the wind was blowing from land and, in a qualitative sense, we can explain the distance-dependence of conductivity and nucleus concentration shown in Figs. 9 and 10 in terms of the extension of the land pollution.
Even though the air stream line patterns help in understanding the probable processes responsible for the observed behavior of some of the parameters, they cannot lead to any quantitative estimates. For more quantitative and physical interpretation of the various features of the data presented above, a knowledge of the time-histories and trajectories of air masses will be necessary.
In Fig. 12 we show a few examples of the airmass trajectories in steps of 12 hours each. The trajectories in Fig. 12 corresponds to Expedition IV. Going back to Figs. 7 and 8, we find that the data on the forward journey (i.e. open circles in these figures) have been measured in the air masses of long history (i.e. very aged). On the other hand, the measurements on the return journey (closed circles) correspond to air masses of relatively short history. Similarly, we found that the measurements made on Expeditions VI and IX also correspond to relatively low timehistories of land air-masses.
It would seem desirable, in view of the above, to attempt to interpret the data using the age of the air masses as a parameter. The results of such an analysis are shown in Figs. 13 and 14 in which the time axis refers to the age of the air masses. It is at once clear from Figs. 13 and 14, which show the dependence of total conductivity and nucleus concentration on time, that age of the air masses is certainly a better parameter than the minimum distance from shore. This fact is clearly brought out by a comparison of Figs. 13 and 7. While in Fig. 7 , for some distances, (above 100km), the Other symbols have the same meaning as in Fig. 7 . depend much on time. If, on the other hand, we consider each expedition as being unique in its own way, we find that there are, in general three-different types of variation. In the first category, which includes Expeditions VIII and IX, the equivalent radius tends to decrease with the increase in time. In second (Expedition IV) it tends to increase with the time and finally, in the third type, there is no perceptible dependence on time (Expedition VI).
A study of the variation of equivalent radius with time is of great physical importance in understanding the corresponding variation of the nucleus concentration. For example, an equivalent radius decreasing with time might cause a corresponding decrease in nucleus concentration via the difference in residence times of the nuclei, and an increase in it with time could presumably results from coagulation.
A Comment on the Self-Consistency of the Data
Since data measured at different places and on different expeditions have been used in the previous sections, it would be diserable to check on the consistency of the data. Massing together the measurements of Expeditions II and III, we have obtained the scatter plot of small ion density versus polar positive conductivity as shown in Fig. 16 in which all distances are included.
The closed circles show the halfhourly averages of the parameters. This small averaging period is necessitated by the rapid changes in the parameters caused by the changing distance from shore. Thus, the closed circles include data presumably affected by land refers to a distance of more than 1000km and hence can be assumed to represent the so-called "undisturbed" or "clean" atmosphere . The encircled dot near a small ion density of about 200*106m-3 shows the values determined at a fixed point in the East China Sea.
It is quite gratifying to note that almost all the points lie reasonably close to a straight line of the form: *=1.3*10-4e.n.
where * is the polar conductivity, n is the small ion density and e is the electronic charge. This straight line fit can be taken as signifying the consistency of the data. (1) Even though, in some cases, the conductivity and nucleus concentration showed systematic dependence on distance from shore, it may be concluded that the age of the relevant air masses is the principal factor which controls the electrical state of the atmosphere over the oceans.
(2) The distribution of nucleus concentration which may be highly irregular over land, tends to become uniform with time as polluted air masses extend gradually over the oceans. The influence of air masses of age greater than about 60 hours on the conductivity and nucleus concentration seems to be very small.
The study of the variation of the equivalent radius with the age of air masses promises to be of importance in understanding the physics of the various processes which seem to control the nucleus concentration and its dependence on the distance from shore.
